INTRODUCTION
Epilepsy is the most common neurological disorder in children; 80% of affected children live in countries with limited resources where 90% of epilepsy is not consistently treated. 1 For a sustainable treatment programme antiepilepsy drugs must be affordable, available, and effective and have minimal side effects.
The World Health Organization recommends phenobarbital as the first choice of drug for most seizures and epilepsies in developing countries mainly because of cost, but carbamazepine is also recommended for all but typical absences 2 3 and is used in Bangladesh. 4 Several studies have shown that 30-50% of children treated with phenobarbital experience behavioural side effects, [5] [6] [7] [8] and one study showed a persistent reduction in IQ. 9 Others have found no such effect. [10] [11] [12] There is a need for robust evidence about the use of phenobarbital, 13 14 particularly in areas with limited resources.
We compared the behavioural side effects of phenobarbital and carbamazepine in a Bangladesh clinic.
METHODS
We carried out a double blind randomised controlled trial from the multidisciplinary child development centre at a children's hospital. 4 Children were recruited by clinical referral from April to October 2001 and followed up for 12 months.
From previous studies we hypothesised a 25% excess of behavioural side effects with phenobarbital compared with carbamazepine. With a predicted rate of side effects of 15% in carbamazepine and a 25% difference between the two groups, for 80% power at 5% significance (two tailed) we calculated that we would need 46 children in each group. 15 Allowing for a 20% drop out rate, we planned to enrol 54 children into each group.
Children were aged 2-15 years with "active epilepsy" defined as two or more generalised tonic-clonic, partial or secondary generalised seizures during the previous year. Exclusions were absence, myoclonic or severe malignant epilepsy, major motor and cognitive impairments, or current treatment with antiepilepsy drugs. We included children with minor non-epilepsy impairments who were able to carry out age appropriate, independent daily living activities.
All parents gave written informed consent. We obtained a history of seizures, associated neurodevelopmental problems, pregnancy and birth related problems, early development, immunisation, and family and socioeconomic information from patients, parents, and family members. All children underwent electroencephalography; other investigations were performed as clinically indicated. We used a standard classification of seizures, epilepsies, and epilepsy syndromes, 16 by using the two categories of syndrome: symptomatic including cryptogenic and without other impairments.
Children underwent an initial general and central nervous system examination and multidisciplinary assessment of functional neurodevelopment. 18 Psychological assessments used were the Bayley scale of infant development (BSID) for those aged 2-3 years, 19 the independent behaviour assessment scale (IBAS) for those aged 3-6 years, 20 and Wechsler intelligence scales for children-revised (WISC-R) for those aged ≥16 year. 21 22 Cognitive level was designated "normal" or "impaired," with a cut-off IQ of 70.
We assessed behaviour using age appropriate behavioural screening questionnaires, which we and others have used in similar settings. 21 23 We used the Bayley scale 18 for those aged ≤2 years and the Richman behavioural assessment questionnaire for those aged 2 years 1 month to 3 years 11 months. 24 Many similar studies have used Conners' rating scale-revised for children aged 5-15. 25 We reassessed behaviour after 12 months of treatment or at drug withdrawal using the same assessment scale.
The Conners' short questionnaire for parents (CPRS-R:S) was translated from English into Bangla, revised after feedback about common use, and tested for reliability and concurrent validity measure.
We examined test and re-test reliability on 20 children at an interval of two weeks for each index and found no significant difference, which suggests that parental responses were reliable and stable. 26 The concurrent validity test with a standard Rutter test 27 28 showed a good correlation (0.74 with two tailed significance at P<0.01).
We categorised behavioural state as "no change," "improved," or "deteriorated" compared with entry condition on the basis of behavioural assessment questionnaires and subcategorised deteriorated behaviour as acceptable or unacceptable on the basis of parental concern.
On entry, participants were randomly assigned to treatment with phenobarbital or carbamazepine. One researcher (SHB) prepared 108 envelopes containing a paper designating drug A or B. These were sealed, shuffled, and kept securely. An independent assistant selected an envelope after a telephone request from the treating physician. For practical and ethical reasons the treating physician was aware of the allocation but the psychologist, therapist, and researcher were blind. The researcher was unblinded at data analysis.
We reviewed patients at two weeks, one month, three months, and six months interval after randomisation, depending on therapeutic response and travel. Compliance was measured by verbal reply, counting tablets, and blood concentrations of antiepilepsy drugs in samples taken on a single occasion without notice.
Phenobarbital and carbamazepine (immediate release) were available as strips of 30 mg and 200 mg tablets, respectively. Treatment started at a low weight related dose and was increased after two weeks following the WHO recommendation. 2 3 Starting and initial maintenance doses were 1.5 mg/kg/day and 3 mg/kg/day for phenobarbital and 5 mg/kg/day and 16 mg/kg/day for carbamazepine taken in two divided doses daily. Drugs were administered either to a maximum of 4 mg/kg and 20 mg/kg daily, respectively, or until seizure were controlled. If seizures were not controlled despite a full dose and a blood concentration within the therapeutic range, or if there were intolerable side effects, treatment was changed to the other study drug, with weaning from the first drug, and the child withdrawn from the behavioural outcome analysis. If there was still no improvement in seizure control a third antiepilepsy drug was used. All children were followed up for a minimum of 12 months.
Outcome measures Our main outcome measure was behavioural side effects after one year's treatment, assessed by comparing the results of the two behavioural assessments. Seizure outcome was measured as "seizure remission," defined as no seizures during the last quarter of 12 month follow-up. Drug efficacy was assessed by date of treatment allocation, time to first seizure after randomisation, time to withdrawal from treatment because of adverse effects, and date of last follow-up.
Analysis
We carried out intention to treat analysis for seizure outcome. Our primary aim was to compare the side effects of the drug, which required children to take that drug up to the time of behavioural reassessment but we noted any reasons for discontinuing treatment. We measured differences in behavioural side effects using independent sample t tests and Mann-Whitney tests. Paired sample t tests were used to compare the difference between behavioural assessment scores before and after treatment within the trial groups. We compared drug efficacy using time to first seizure after randomisation as the primary data. Actuarial (KaplanMeier) techniques were applied to the intervals from randomisation to first seizure, date of last follow-up when no seizures were recorded, or time to drug withdrawal. We used multiple logistic regression analysis to assess significant relations between behavioural side effects and individual variables such as age, sex, minor motor impairment, cognitive impairment, and pre-existing behavioural problems.
RESULTS
The figure shows the flow of children through the trial. Tables 1 and 2 show the characteristics of the families and children and the classification of seizures and epilepsy at randomisation. Most children came from poor and middle income families in rural areas without automobile access or made up roads and thus travel was by walking or boat, and this was fairly representative of the general population. Clinic visits often involved great effort and sometimes hardship. The male to female ratio was 1.3:1 in the whole population, but more girls were allocated to carbamazepine. Mean and median age at randomisation and at onset of seizures was higher in the carbamazepine group (table 1) . Over four fifths of children had their first non-febrile seizure after the age of 1 year. Two in the carbamazepine group and one in the phenobarbital group had a history of a prolonged seizure with fever, but the other children had no history of convulsive status. There were more generalised seizures in the phenobarbital group, and more partial seizures in the carbamazepine group. The seizure rate and total number of seizures during the previous year were higher in the phenobarbital group (table 2). Median duration of epilepsy was longer by three months in the carbamazepine group. Three quarters of the children had never had daily long term treatment with antiepilepsy drugs, while the IQR=interquartile range; BSID=Bayley scale of infant development; CPRS-R:S=Conners' rating scales-revised. *Includes cryptogenic.
remainder had had a minimum of three months' treatment. Associated minor motor and cognitive comorbidities were similar in the groups (table 2) . Seventy four children had a normal IQ (74), and 43 in each group had normal behaviour before treatment.
Behavioural side effects and seizure outcome Table 3 gives details of the outcome at one year. In 59 children there was no change in behaviour, and in 16 behaviour improved. Ten children experienced excessive restlessness and hyperactivity (4/54) in the phenobarbital group and 6/54 in the carbamazepine group (difference 3.7%). Table 4 shows the mean difference between behavioural assessment scores before and after treatment. There was a significant improvement in behaviour after regular treatment with antiepilepsy drugs in both groups of 2-5 year olds. There were no significant differences between the mean, median, and range of behavioural outcome scores or between the two groups by independent t test (table 5) . Logistic regression analysis showed no association between the outcome behaviour and age, sex, motor disability, cognitive developmental delay, antiepilepsy drugs, or pre-existing behavioural problems (table 6) . One child in the carbamazepine group withdrew after four months because of severe headaches and aggressive outbursts. Another child in the carbamazepine group experienced occasional severe headaches. At the initiation of treatment three in the phenobarbital group and one in the carbamazepine group experienced disturbed sleep. Also in the phenobarbital group one child reported irritability and four had gastrointestinal disturbances.
Seizures became worse (increased and evolving to myoclonic seizures) in three in the carbamazepine group (two were shifted to phenobarbital and one to a third antiepilepsy drug as there was no improvement of seizure control after the shift to the other trial drug). Two in the phenobarbital group had poor seizure control with full dose and then shifted to the carbamazepine with good results (see figure) . Three children taking phenobarbital and four taking carbamazepine discontinued the drug for more than seven days for various reasons-for example, returning home, running out of drugs, and substituting homoeopathic treatment. Of these, four children had convulsive status epilepticus while not taking the drug (two in each group), three within 7-10 days and one after 30 days after they stopped taking the drug. All were admitted to hospital and restarted treatment. Fifty three children remained without seizures for six months to one year, and another 18 were seizure free during the three months before the one year follow-up (table 3) . Seven (6.5%) children were seizure free from the time of initial treatment. An additional 39 (36%) were seizure free for the six months before the final assessment and 25 more were seizure free for the last three months, so the total who were seizure free for the last three months was 71 (66%) (table 3) .
Actuarial analysis estimated the mean time without seizures was 102 days for phenobarbital and 74 days for carbamazepine. The cumulative seizure curves for children in both groups showed no difference in efficacy.
DISCUSSION
In this trial we found no significant difference in behavioural side effects with phenobarbital and carbamazepine using objective masked assessments and parental reporting in children with epilepsy without severe additional impairment. Our study was designed to find at least a 25% difference at 5% level. Ten children showed deterioration of behavioural state, of whom four received phenobarbital and six carbamazepine. Intolerable behavioural problems were more common No with behavioural problems/total in group: BSID=Bayley scale of infant development; CPRS-R:S=Conners' rating scales-revised. *Paired t test for behavioural score before and after treatment within trial group. †Age group on presentation.
with carbamazepine, and sleep disturbance and gastrointestinal problems were more common with phenobarbital. Headache and worsening of seizures were common with carbamazepine, but the differences between the groups with respect to side effects were not significant. Behaviour improved in 16 children (eight in each group), probably reflecting a reduced burden of seizures, improved sleep and feeding, and reduced irritability.
Comparison with other studies Our population characteristics are similar to those in studies in Kenya and India with high rates of seizures.
Our results support the findings from those two resource poor countries and from one study in a developed country where no severe behavioural side effects with phenobarbital were found. [10] [11] [12] A trial in the United States in children with partial seizures found no difference in behavioural or cognitive effects between the two drugs. 12 In the North American cross-balanced randomised controlled trial of phenobarbital versus valproate in 28 children of normal intelligence with relatively mild seizure disorders, the authors found only marginal difference in hyperactivity between the two drugs, which was subtle and not clinically identified. 6 In a trial in the United Kingdom, de Silva et al studied four antiepilepsy drugs (phenobarbital, carbamazepine, phenytoin, and valproate) in children with relatively mild seizure disorders, with most having had fewer than 10 seizures before randomisation. 5 The phenobarbital arm of the study was stopped when six of the first 10 children were reported to have unacceptable behavioural side effects. There were widespread views about such effects in children, which resulted in the phenobarbital arm of the trial being stopped. The study, however, did not use a standardised behavioural assessment tool.
The Los Angeles study found marked behavioural problems in more than 30% of the children with febrile seizures treated with phenobarbital compared with those untreated. 7 These would be younger, usually normal children and no behavioural scale was used.
Although total numbers are not large, all these together suggest that behavioural side effects are reported less often in countries with limited resources than in more affluent countries. The children in our study were mainly from rural areas, and cost of travel was an important factor in long term compliance, suggesting the need for a community based service for the children with epilepsy. The characteristics related to seizures and epilepsy in our study were comparable with those in other studies in countries with limited resources. 10 11 Age at randomisation, characteristics of seizures, and associated prognostic features-that is, age at first seizure, total number of seizures before start of treatment, and associated non-convulsive disorders-differed in our study population compared with study populations in developed countries. Proportions of seizure types, however, were comparable with those in the UK and Indian studies. Four out of seven children who stopped medication had convulsive status epilepticus. This was probably because of withdrawal of the drug as only three had a history of febrile status epilepticus. The treatment was effective, despite the high rate of seizures and length of history, in that 78% had total remission and another 11% more than 80% remission after one year. Rate of seizure remission in other studies varied from 67% to 73%. 1 10 29 In Kenya, Feksi et al included children and adults with a similar background of high frequency of seizures and time between the onset of seizures and starting appropriate treatment. 10 Over half (53%) were seizure free in the 6-12 month follow-up period; this was 51% in our study. In a US study of children treated with phenobarbital, 67% with partial seizures were seizure free after one year of treatment 12 compared with 78% in our study. In the Northern Ecuador study 65% were seizure free at 6 months and 72.7% at one year. 29 
Conclusions
From this study in Bangladesh, we conclude that phenobarbital is not associated with excess behavioural side effects when compared with carbamazepine and is therefore an effective and suitable drug to use for children with epilepsy in this setting. We thank Stewart Boyd for his help and support, A L Johnson for his advice in statistical analysis, and Dhaka Shishu (Children's) Hospital authority for providing logistic support.
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